Our results suggest that br plays a central role in remodeling the ECM in leg imaginal 3 8 1 discs during metamorphosis. We show that Collagen IV is not cleared from the basal ECM in 3 8 2 br 5 mutant prepupal leg discs (see Fig. 2 ). In addition, four of the six genes that resulted in 3 8 3 malformed adult legs when downregulated by RNAi (dusky, serpentine, Stubble, and vermiform) 3 8 4 have been proposed to interact with the apical ECM, while another (grainy head) is known to 3 8 5 regulate ECM genes (Pare et al., 2012; Yao et al., 2017) . Stubble encodes a serine protease 3 8 6 whose endopeptidase domain is required for normal leg development (Appel et al., 1993; 3 8 7 Hammonds and Fristrom, 2006) . Stubble protein has been shown to be required for degradation 3 8 8 of the Dumpy protein, an apical ECM component that links the epithelial cells to the cuticle involved in cuticle formation (Bray et al., 1989; Dynlacht et al., 1989; Bray and Kafatos, 1991) . al., 1984; Bray and Kafatos, 1991) , trachea (Hemphala et al., 2003) and in wound repair 4 0 3 (Mace et al., 2005) . ChIP data suggests that Grainy head also regulates some of the other leg 4 0 4 morphogenesis genes identified in this study, including CG9416, serpentine, vermiform, and 4 0 5
Stubble (Pare et al., 2012; Yao et al., 2017) . The connection that most of these genes have with the ECM is consistent with the known 4 0 7 role of the ECM in imaginal disc elongation; the ECM provides a constraining force to imaginal 4 0 8 discs (Pastor-Pareja and Xu, 2011) , and both the apical and basal ECMs must be degraded before 4 0 9 elongation (Maria-del-Carmen et al., 2018) . Our results suggest that br provides a key regulatory 4 1 0 mechanism for these processes, and that they underlie a large part of the br 5 phenotype. br does 4 1 1 not appear to be wholly responsible for the proteolysis of the ECM at metamorphosis, however. Notably absent from our list of br-regulated genes are the matrix metalloprotease genes Mmp1 1 9
and Mmp2, which are required for breakdown of the basal extracellular matrix during disc 4 1 4 eversion (Srivastava et al., 2007) , although both of these genes are developmentally upregulated 4 1 5 at the onset of metamorphosis in leg discs (Table S4) . broad is dynamically regulated before and during metamorphosis 4 1 8
The Broad-Complex was initially described as an early-response gene in the ecdysone- induced transcriptional cascade (Chao and Guild, 1986; DiBello et al., 1991) , but subsequent 4 2 0 experiments suggested that the regulation of br by ecdysone both in whole animals and in 4 2 1 imaginal discs is more complex and involves an isoform switch from Z2/Z3 to Z1 at pupariation. Specifically, studies in the salivary glands and whole animals showed a switch to Z1 upon 4 2 3 pupariation (Andres et al., 1993; Huet et al., 1993) , and imaginal discs cultured in the presence 4 2 4 of ecdysone resulted in persistence of the Z1 transcript even after the other br isoforms were no 4 2 5 longer detected (Bayer et al., 1996) . Our northern blot analysis confirms this isoform switch at 4 2 6 the onset of metamorphosis in imaginal discs, and also reveals that br Z2/Z3 is expressed earlier 4 2 7 in the discs than would be predicted by whole animal blots (Fig. 5A ). This latter observation is 4 2 8 somewhat paradoxical considering that the br-induced genes are a reasonably good subset of the 4 2 9 developmentally-induced genes revealed by RNA seq comparisons of leg discs from -18 hr to 0 4 3 0 hr (Fig. 4) . This raises the possibility that many of these br-induced genes are also regulated in a exploring the more complex regulation of these genes, particularly those that we have identified 4 3 3 as playing important roles in driving leg morphogenesis. It is also interesting that Br appears to shape changes and rearrangements) when the Z2 isoform is ostensibly "off." We believe that this 0 is driven by perdurance of the Br protein. In support of this, Emery et al. (Emery et al., 1994) , 4 3 7 demonstrated that levels of the Br-Z2 protein remained strong in the imaginal discs until between 4 3 8 4 hr and 8 hr after pupariation, despite the decrease in transcription by 0 hr. Finally, it is worth 4 3 9 noting that we identified a large number of br-repressed genes in our RNA seq experiment, 4 4 0 raising the possibility that derepression of br-repressed genes may also contribute to normal leg 4 4 1 morphogenesis. Our functional studies in which we extended br-Z2 expression through a heat were short, the heads were often malformed and they died soon after pupation. Taken together, RNAi (stock 11335R) was obtained from the National Institutes of Genetics Fly stock collection 4 6 5 (Kyoto, Japan). dll-Gal4 was balanced with CyO, P{w + , Dfd-EYFP} (Le et al., 2006) . w 1118 was 4 6 6 used as the wild type control, unless otherwise noted. w 1118 and y br 5 /binsn flies were staged on food supplemented with 0.05% bromophenol blue as 4 7 0 described in (Andres and Thummel, 1994) . w 1118 and y br 5 /Y mutant animals were selected 4 7 1 (mutant males were selected using the yellow marker) at -18 hr (blue gut larvae), -4 hr (white gut 4 7 2 larvae), 0 hr (white prepupae), +2 hr and +4 hr relative to puparium formation. Leg imaginal 4 7 3 discs were dissected in Phosphate Buffered Saline (PBS), and then transferred to fresh PBS.
7 4
Brightfield photomicrographs were captured within 5 minutes on a Nikon Eclipse 80i 4 7 5 microscope equipped with a Photometrics CoolSNAP ES high performance digital CCD camera 4 7 6 using a Plan APO 10X (0.45NA) objective. For the examination of collagen integrity in prepupal 4 7 7 leg discs, we crossed ybr 5 /Binsn virgins to w 1118 , vkg-GFP males, and crossed F 1 ybr 5 /w 1118 ; vkg-4 7 8 GFP/+ females to w 1118 males. We selected ybr 5 /Y; vkg-GFP/+ and w 1118 /Y; vkg-GFP/+ white prepupae based upon the y phenotype and aged them at 25º. ybr 5 prepupae were confirmed to 4 8 0 contain the br 5 allele based upon pupal morphology. We dissected leg imaginal discs at the pH 8.0, 0.5% n-propyl-gallate) and imaged them sequentially with brightfield microscopy and intensities, and exposure times). On average 3-4 discs were imaged from each prepupa, and at Trypsin experiments 4 9 3 w 1118 and br 5 white prepupae were dissected in PBS to isolate three leg imaginal discs from the 4 9 4 same animal. These imaginal discs incubated on 3-well depression slides in either PBS, PBS plus 4 9 5 0.025% trypsin (Gibco, 25200-056) or PBS plus 0.0025% trypsin for 15 minutes at room 4 9 6 temperature, at which point they were immediately imaged by brightfield microscopy on a Nikon 4 9 7
Eclipse 80i microscope equipped with a Photometrics CoolSNAP ES high performance digital 4 9 8 CCD camera using a Plan APO 10X (0.45NA) objective. In total, 21 w 1118 and 17 br 5 animals 4 9 9
were dissected and imaged. Imaginal discs were hand dissected from w 1118 or br 5 +4 hr prepupae in fresh PBS, and fixed In order to control for potential genetic effects from the autosomes and Y chromosome, we 5 1 4 crossed ybr 5 /Binsn females to w 1118 males and then crossed the resulting ybr 5 /w 1118 females with 5 1 5 w 1118 males. This cross produced ybr 5 /Y and w 1118 /Y males that at a population level had identical 5 1 6 autosomes and Y chromosomes. Since we selected the br 5 animals based upon the yellow 5 1 7 cuticular phenotypes, we tested to make sure that y and br did not recombine apart to any 5 1 8 significant degree. y and br are reported to map 0.2 cM apart on the X chromosome (Gatti and 5 1 9
Baker, 1989), and in two separate experiments we did not detect any recombination between 5 2 0 these genes (n > 200). After RNA sequencing, we identified the br 5 mutation as a C to T 5 2 1 transition at position 1654571 in Genbank AE014298 (X chromosome of Drosophila 5 2 2 melanogaster), converting a conserved histidine in the zinc finger of the Z2 isoform into a 5 2 3 tyrosine. We found that all the reads through this interval had the mutation in the br 5 samples, whereas none of the reads from w 1118 samples had the mutation. Third instar ybr 5 /Y and w 1118 /Y larvae were staged on food supplemented with 0.05% 5 2 6 bromophenol blue. Blue gut larvae (-18 hr) and white prepupae (0 hr) were selected and leg 5 2 7
imaginal discs were hand-dissected in PBS. Triplicate independent samples were obtained for The quality of the raw RNAseq reads was visually confirmed using FastQC (version 5 3 5 0.11.5, (Andrews, 2010)), and both low quality data and adaptor sequences were removed using (version 2.1.1, (Trapnell et al., 2009; Kim et al., 2013) ). Default parameters were employed, 5 4 0 with the addition of the "--no-novel-juncs" flag to use the gene annotation as provided, and the "- (range = 83.1-88.5). Genotypes were compared, and differentially-expressed genes were 5 4 4 identified using the Cufflinks pipeline (version 2.2.1, (Trapnell et al., 2010; Roberts et al., 2011; 5 4 5 Trapnell et al., 2013)). Specifically, we employed the "cuffquant" and "cuffdiff" routines using expression (w 1118 for br-induced genes, br 5 br-repressed genes) were used as input into the tool. repressed genes) were used. The same data sets were used for the KEGG pathway analysis using 
Ecdysoneinduced gene 71Ed
TRiP 56952 52.4% 0.0%
Ecdysoneinduced gene 71Ef
TRiP 55930 46.1% 0.0%
Ecdysoneinduced gene 71Eg
TRiP 56953 Lines listed include both TRiP and VDRC (long hairpin) lines, with stock numbers shown. Lines by chi-square test to be significantly lower than 50% are underlined. All RNAi lines were 1 0 2 4 crossed with virgin females carrying the Dll-Gal4 driver and a UAS-Dicer construct. 
